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ABSTRACT
This study was undertaken to determine the optimum conditions 
for dairy cattle waste stabilization using an aerobic laboratory pilot 
scale system and to determine the number and types of microorganisms 
involved in the breakdown of the waste,
A system utilizing mechanical aeration and agitation was effi­
cient in reducing the biochemical oxygen demand (BOD) and chemical 
oxygen demand (COD) of raw waste when continuous additions of 9 liters 
of raw waste and removal of 9 liters of effluent after sedimentation 
were practiced every 48 hours. The BOD of the liquid raw waste (stored 
in cans) added to the system was 1,000 ppm, while the COD was 6,250 ppm. 
Reductions in BOD and COD of the treated effluent after sedimentation 
ranged from 92.6 - 94.6 and 94.5 - 95.9 per cent, respectively. The 
BOD and COD of the effluent under these conditions were 17 ppm and 
600 ppm.
The pH of the treated effluent was generally above 8.0. Addi­
tions of the waste with a pH of 4.5 - 5.0, generally resulted in a 
slight reduction of 0.2 - 0.3 pH units after 1 day.
The standard plate counts, coliform counts, and yeast and mold 
counts were significantly reduced after sedimentation. The average 
counts after sedimentation were 4,700,000/ml; 3,000/ml, and 460,000/ml 
for the three counts, respectively.
vii
Small Gram negative rods belonging to the genera Flavobacterium. 
Alcalieenes, Pseudomonas and Achromobacter were the predominant organ­
isms isolated from the SPC plates. In addition, members of the genera. 
Escherichia. Aerobacter, Micrococcus, Streptococcus and Sphaerotilus 
were isolated. Further studies are necessary to determine the specific 
functions of the various organisms in the aerobic stabilization process.
viii
INTRODUCTION
One of the major problems facing the United States in the 1970's 
is the pollution of our environment. Scarcely a day goes by that a 
newspaper or magazine does not print an article about the solid waste 
problem.
Although the contribution of livestock,both in their body waste 
and products of their slaughter, to water pollution has been difficult 
to predict and frequently overdramatized, the possibilities are stag­
gering. Based on organic matter, livestock manures in this country 
are equivalent to the wastes from about a billion people. A flock of 
200,000 layers produce animal waste equivalent to a city of 20,000 
persons, .1 cow the waste of 16.4 humans, and 1 hog the waste of 1.9 
humans (33). It has been estimated that each pound of milk produced 
by the cow also means a contribution of 2 pounds of manure (37).
The United States Department of Agriculture estimates that there 
are 14,123,000 dairy cows and heifers of breeding age in the United 
States as of January 1, 1969 producing an equivalent of 1.7 billion 
tons of waste each year. The problem of dairy cattle waste disposal 
becomes even greater when one considers the present trend in the in­
dustry of concentrating cows into smaller areas.
Dairy farmers have been returning manure to the land as the pri­
mary method of disposal. However, this method has become very costly 
and is not efficient. The present trend is toward the use of lagoons.
Manure delivered to a lagoon is acted upon by bacteria which digest 
most of the solid material. The type of bacterial action (aerobic 
and/or anaerobic) which takes place will depend on the type of lagoon 
that is built. Most of the research work on lagoons has been on the 
engineering aspects of the system. Biological factors related to 
microbial activity have received only limited attention.
This study was undertaken to determine the optimum conditions 
for waste stabilization using an aerobic lagoon system and to determine 
the number and types of microorganisms involved in the breakdown of 
the waste.
REVIEW OF LITERATURE
General Properties of Dairy Waste
Trends in animal production whether for milk or beef are toward 
confinement of animals in Increasingly large groups. This development 
has focused much attention on the problem of handling and disposing of 
animal wastes. The waste management problems on a small (20 to 30 
cows) dairy present a real challenge to the operator, but when herds 
grow to as much as fifty times that size and on limited acreage, the 
problem becomes almost insurmountable. A mature 1000 pound dairy cow 
produces an average of 13.5 tons of manure (10 tons feces +  3.5 tons 
of urine) per year (37). Thus, an average dairy farmer (85 cows) in 
Louisiana must dispose of 1,148 tons of manure per year.
The properties of dairy cattle waste are dependent on the nature 
of the dairy operation. Types of rations, methods of housing and feed­
ing, milking procedures, and the amount of water used are factors which 
may affect the properties of the waste. Townshend et al. (36) have re­
ported on a survey designed to determine properties of dairy waste in 
Ontario, Canada. These values were not necessarily for raw waste as 
some type of physical handling had occurred. Average BOD values were 
8,350 ppm with a range of 2,300 to 24,000 ppm;. Total solids ranged 
from 1 to 4 per cent with an average of 2 per cent. An average COD of 
50,400 ppm was obtained and the range was 10,000 to 104,000 ppm. Hie 
pH of the waste ranged from 7.1 to 8.1 with an average of 7.4. With
the exception of the total solids, these values are comparable to 
values reported by workers in the United States (6, 8, 20). Dale et 
al. (8) have reported that the average solids content of dairy cattle 
waste was 12.5 per cent.
Although the contribution of livestock to pollution is frequently 
overdramatized, large concentrations of waste in small areas are poten­
tial sources of pollution for both ground and surface waters. Reports 
in the literature are available to permit the assessment of pollution 
caused by animal waste. Henderson (14) pointed out that stream pollu­
tion by rural land drainage from a water shed with a normal farm animal 
population can be significant in terms of total demand on stream oxygen 
sources. This author also stated that under certain conditions, run-off 
from agricultural land may make municipal loads appear insignificant on 
a BOD basis. This is possible when one considers that livestock manures 
in this country are equivalent to the wastes from billions of people.
Smith and Miner (31) reported several severe water pollution in­
cidents,directly related to cattle feed lots, that resulted in septic 
conditions and fish mortality. Smith (30) stated that of 27 reported 
fish kills in Kansas during 1964, 15 were believed to have been caused 
primarily by run-roff from commercial livestock feeding operations.
Traditionally, dairy wastes have been handled as semi-solids (10 - 
25 per cent solids) and the nutrients were returned to the land. A 
mature dairy cow excretes about 3,528 pounds of dry matter, 130 pounds 
of nitrogen, 19 pounds of phosphorous and 83 pounds of potassium per 
year. In the past, experiments have been conducted in which animal
manures were shown to be satisfactory sources of plant nutrients (40,
41). However, most of the research indicated that nitrogen contained 
in bovine manure was not as available to higher plants as nitrogen 
contained in mineral fertilizer. This was based on the fact that soil 
microorganisms have to process the manurial protein and urea and re­
lease nitrogen as nitrate which is the form of nitrogen utilized by 
most plants.
Recently McEachron et al. (22) conducted long-term fertility 
trials with dairy manure to estimate its worth in increasing crop yields. 
In 12 different experiments involving various rotations and levels of 
mineral fertilization, c o m  yields were increased by an average of 1.5 
per cent per ton of manure and alfalfa yields by 2.4 per cent per ton. 
However, farm cost accounting data in the study revealed that the cost 
of hauling the manure to the field exceeded its value as a source of 
plant nutrients. As a result, farmers have relied on commercial ferti­
lizer preparations for crop production.
Despite the fact that nutrients from manure are not economical, 
some workers (16, 21) feel that the soil can serve as a waste disposal 
system. Hortenstine et al.(16) have shown that the use of soil, our 
most extensive and effective filter to reclaim municipal and dairy waste­
waters before discharge into receiving waters, was feasible. This study, 
however, was conducted in Florida where sandy soils prevail.
McCaskey et al. (21) have used an irrigation method for dairy 
cattle waste disposal. During a 20-month evaluation study, waste from 
an average of 40 dairy cows on permanent confinement was removed from a 
free stall barn by flushing approximately 2,400 gallons of water through
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the facility each day. Waste was collected and stored in an underground 
concrete tank. Twice each week the waste was pumped from the tank and 
sprayed onto a 180-foot diameter grassland plot. Three rates of dis­
posal were evaluated, the high rate being 0.96 tons solids per acre 
equivalent applied weekly, an intermediate rate of 0.96 tons solids 
three times per month, and a low rate of 0.96 tons every three weeks.
The manure loading capacity for the combined three sites (1.74 acres) 
was equivalent to 23 cows per acre. Run-off from the grassland plot 
receiving 0.96 tons manure solids per week yielded an average BOD of 
100 ppm, representing a 96 per cent reduction in BOD of the raw waste. 
The irrigation rate of 0.96 tons solids per acre 3 times per month re­
sulted in 98 per cent BOD reduction. In terms of run-off quality 
further reduction in rate of disposal did not improve treatment of the 
waste. Again, a sandy soil was used in this disposal system.
Soil types in Louisiana are generally not of the sandy variety; 
thus, it would appear that the use of soil to reclaim wastewater would 
not be practical in this state. In addition, the amount of land avail­
able per farm would frequently be limited.
Recently, the practice of returning manure to the land has been
questioned due to the following: a) decline in relative value of manure
as a fertilizer, b) increasing concentration of animals, c) reduction of
land surfaces on which manure can be spread, d) the established or as­
sumed relationship between stream pollution and run-off from agricul­
tural land and animal lots, and e) conflicts arising from the already 
large but Increasing overlap of rural-suburban-urban areas.
Lagoon Method of Waste Disposal
The lagoon method of waBte disposal has received wide attention 
during the past two years. This system of waste disposal is certainly 
not new. Events recorded in history and archaelogical discoveries tell 
us that the lagoon system was used thousands of years ago. The thing 
that is different today is the immense quantity of waste produced. Sev­
eral authors (5, 11, 12, 19, 25, 38) have suggested that this system of 
waste disposal may be feasible but the data to support their suggestion 
is limited.
Lagoons may be described as impoundments made by constructing an 
excavated pit or a combination pit and embankment for disposal of animal 
waste. They are constructed to process and decompose animal waste by 
use of sunlight, air, bacteria, and algae. Lagoons are generally charac­
terized by the type of bacteriological decomposition which takes place. 
They may be aerobic, anaerobic or facultative (aerobic-anaerobic).
Anaerobic Lagoons
Anaerobic decomposition has been practiced In treating animal 
wastes. Anaerobic organisms utilize the chemically bound oxygen of the 
organic matter for the decomposition process. The initial products of 
anaerobic decomposition are organic acids, acid carbonates, carbon di­
oxide and hydrogen sulfide; the intermediate products are ammonia nitro­
gen, acid carbonates, carbon dioxide and sulfides; the final products 
are ammonia nitrogen, humus, carbon dioxide, methane and sulfides. The 
latter contribute to1 the undesirable odors usually associated with
anaerobic processes. Taiganides et al. (35) have reported on studies 
involving anaerobic digestion of hog wastes. Their results indicated 
that to maintain optimum conditions] expensive facilities and close 
supervision would be required.
Schmid and Lipper (29) indicated that even if the anaerobic pro­
cess was efficient, the BOD may not be reduced to an acceptable level. 
His studies indicated that the anaerobic process had merit only as par­
tial treatment of hog waste.
Aerobic Lagoons
Aerobic decomposition involves the reduction of organic matter 
by organisms which require free oxygen for their metabolism. These 
organisms use the waste as substrate, breaking part of the organic por­
tion down into the simpler compounds, such as water and carbon dioxide. 
The primary gas produced is carbon dioxide which to a large extent will 
remain in solution as bicarbonate. The organic matter that is not oxi­
dized to carbon dioxide and water is converted to stable solids. Hie 
effluent from a properly operating aerobic system would be low in BOD 
and free from ammonia.
Lagoons have been used in this state to dispose of livestock 
waste. Barr et al. (2) in 1965 conducted a survey of 60 farm lagoons in 
Louisiana. Fifty-three of the lagoons were in use with swine feeding 
floors. Of the remainder, 2 were used with poultry, beef and pork meat 
processing plants and 5 with dairy, beef cattle feeding, and poultry 
operations. Seventy per cent of the swine lagoons had no more odor than 
that of the feeding floor, 23 per cent had a slight odor, and 7 per cent
had a very unpleasant odor. The liquid level in these lagoons varied 
from 3 to 5 or 6 feet in depth. Information of the quality of the 
effluent was not reported.
Today, lagoons in Louisiana are much more prevalent. Approxi­
mately 200 lagoons have been constructed on Louisiana dairy farms 
alone during the past year. Most of these were complete lagoon sys­
tems. The complete lagoon system consists of a ramp which delivers 
the waste to the anaerobic lagoon, one anaerobic lagoon, and one aero­
bic lagoon. The suggested depth for the anaerobic lagoons was 8 feet 
and for the aerobic lagoons, 5 feet.
An efficient disposal system should allow for stabilization of 
the organic matter and water at a relatively low cost and should be free 
of objectionable odors. At present, the latter is an important consider­
ation since the public associates odors with pollution.
Several workers (6, 7, 8, 17, 20, 26, 39) have reported on the 
use of aeration in livestock waste disposal systems. Vickers and Gene- 
telli (39) have reported on the use of aeration for stabilization of 
highly organic chicken manure slurries. Five gallon carboys served as 
the aeration basins. A variable speed stirrer provided agitation and 
an air stone located at the bottom of the carboy was the source of air 
supply. A slurry containing a BOD of 10,000 ppm was used. Approximately 
15 liter volumes were loaded in the tanks every 48 hours. The average 
BOD reduction in the unsettled effluent was 87 per cent with an average 
solids destruction of 53 per cent. The critical loading parameter was 
60 cubic feet of aeration basin per pound of applied BOD in the manure
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slurry. Foaming difficulties and odors were encountered after the 
critical loading parameter was exceeded.
Converse et al. (7) investigated the effects of low-volume and 
high-volume aeration on a hog lagoon. The low-volume subsurface aera­
tion had no measurable effect on the hog lagoon when compared to a con­
trol which was not aerated. Both lagoons gave off an offensive odor 
throughout the study. During the high-volume aeration phase, an aver­
age of 2.28 ppm of dissolved oxygen was maintained in the aerated cell. 
BOD of effluent was 62 and 129 ppm for the aerated and non-aerated la­
goon, respectively. The odor in the aerated lagoon was considered to 
be negligible.
Laboratory studies of aerobic stabilization of swine waste were 
conducted by Irgens and Day (17). In .'this study, pig waste was allowed 
to accumulate in a pit beneath a slatted-floor swine finishing build­
ing for one week or one month. The raw pig waste was oxidized at about 
23 C in a crock of 16 inch diameter containing 20 liters of waste to a 
depth of 8 inches. The waste was stirred and aerated continuously. 
Oxygen was supplied in the form of compressed air, which was dispersed 
through six cylindrical gas diffusion stones. It was concluded that 
adding the raw waste continuously to the aeration unit gave the best re­
sults. The treated effluent (after settling) had a BOD of 10 to 15 ppm 
and the COD was reduced 77 per cent. Treatment by the aerobic process 
made the swine waste virtually odorless and stable.
Nordstedt et al. (26) studied a multistage lagoon system consist­
ing of one anaerobic and two aerobic lagoons constructed for a 600-cow 
dairy farm. The effluent was discharged into a 40-acre seepage
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Irrigation system in permanent pasture. Results from the first eight 
months of operation indicate an average effluent BOD of 661 ppm at a 
flow rate of 80 to 100 thousand gallonB per day. BOD reductions of 
88.4, 59.2, and 22,6 per cent were obtained in the first, second, and 
third lagoons, respectively, for a total reduction of 96.4 per cent. 
Approximately 80 per cent of the phosphorous in the wastewater of the 
three lagoons was being deposited as sludge in the lagoon system. 
Groundwater samples collected at 10-foot depths showed pollution 
effects at a distance of 15 feet from the anaerobic lagoon but no ap­
parent effects at a distance of 100 feet.
Jones et al. (20) conducted laboratory studies on aerobic diges­
tion of dairy cattle waste. These authors used six erlenmeyer flasks 
as digesters. A waste having a BOD concentration of 19,400 ppm was 
added to the digesters at loading rates of 125, 150 and 200 ml per day. 
During the 27-day feed period, total BOD reductions of 70, 60, and 76 
per cent and total volatile solids reductions of 20, 15, and 0 per cent, 
respectively, were obtained for the loading rates of 125, 150, and 200 
ml. Due to the settling of solids during the latter part of the feed 
period, no conclusions were drawn concerning the effectiveness of treat­
ment or the optimum loading rate.
Dale et al. (8) used an aerobic type lagoon for storage and treat­
ment of dairy manure but did not rely solely on sunlight and algae for 
oxygen. A mechanical surface aerator was used to supply oxygen and for 
mixing. An overhead sprinkler irrigation system was used with the treat­
ment lagoon to remove excess liquid and to partially de-sludge the lagoon. 
Ihe liquid passing through the sprinkler system was applied to grassland 
beside the lagoon. The system was studied for 88 days. Manure having a
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BOD of approximately 75 pounds and a COD of approximately 225 pounds 
was placed in the lagoon daily for the last 30 days. BOD values of 
effluent from the lagoon ranged from 60 - 80 ppm. Irrigation removed 
9 per cent of the COD, 11 per cent of the BOD, and 14 per cent of the 
volatile solids. The remaining differences were attributed to stabili­
zation and decomposition by oxidation.
Clayton and Feng (6) reported on aerobic digestion of diluted 
dairy cattle manure in closed systems. The pilot plant used consisted 
of an initial sedimentation tank, aeration tank and final sedimentation 
tank. The two sedimentation tanks were operated at a temperature of 
70 F and the aeration tank at 95 F. Air was supplied by a rotary air 
compressor at a pressure of 4 psi. Two "adjustair" diffusers were used 
to inject air into the aeration tank. The system was designed to process 
the waste (manure, urine, and incidental bedding materials) of one mature 
dairy cow, together with the water necessary to flush the manure from the 
dairy barn. The daily input to the system was a slug treatment consist­
ing of sixty pounds of the waste mixed with approximately 33 gallons of 
water to form 40 gallons of slurry. The solids content of the waste 
averaged about 18.4 per cent and approximately 83 per cent of the solids 
were volatile. The daily process loading was approximately 323 pounds 
of water, 11.1 pounds of solids, and 9.2 pounds of volatile solids. The 
BOD of the slurry was 2300 - 2500 ppm. The BOD of the final effluent 
ranged from 50 to 200 ppm with an average of approximately 150 ppm. This 
represented a reduction in BOD of about 94 per cent. The total solids 
content of the effluents at the measuring locations fluctuated consid­
erably; however, an over-all reduction of approximately 88 per cent was
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obtained. The pH of the input slurry and final effluent averaged about 
7.1 The color of the final effluent resembled dark tea and the odor 
was slight.
Microbiology
The success of an aerated lagoon is due to the action of the aero­
bic organisms. In the previously reported studies, no attempt was made 
to determine the types of microorganisms actively involved in the break­
down of the waste.
Butterfield (4) in 1935 isolated a bacterium from activated 
sludge (aerated municipal waste) which was capable of forming zoogldea 
(slime) . He tentatively designated the organisms as Zoogloea ramigera 
and indicated that it was primarily responsible for reducing the biochem­
ical oxygen demand of aerated sewages.
McKinney and Horwood (23) in 1952 and McKinney and Weichlein (24) 
in 1953 found that other types of bacteria were capable of floe forma­
tion, including the genera Escherichia, Pseudomonas, Alcaligenes, and 
Bacillus. These organisms did not form large masses of slime, but 
rather agglomerated by adhesion of the gelatinous capsules which coat 
each bacterium.
James (18) in 1963 presented corroborating evidence that genera 
other than Zoogloea are important in waste treatment. His experimental 
results, derived from trickling filter studies involved actual enumera­
tion and isolation of the film bacteria in synthetic sewage media. He 
listed the genera.Achromobacter. Alcaligenes, Flavobacterium, Pseudo­
monas and Zoogloea as film constituents but omitted members of the
14
coli-aerogenes group, the aerobic spore formers, and filamentous bac­
teria. These latter groups were present but were shown to be rela­
tively unimportant in the purification processes.
Aerated dairy waste may contain some of the same organisms be­
cause they are present in the environment. These animal wastes differ 
tremendously from human excreta and therefore a more diverse group may 
be expected.
In addition to the organisms responsible for decomposition, live­
stock waste may contain pathogenic organisms. The occurrence and per­
sistence of animal and human pathogens in animal manures has been well 
documented (9, 13, 15, 27). The importance of pathogens must be con­
sidered in a total waste disposal system.
MATERIALS AND METHODS
An experimental pilot scale system was assimilated to determine 
the effectiveness of mechanical agitation and aeration for the stabili­
zation of dairy cattle waste. The system was designed to determine the 
raw waste loading rates and bacterial populations required to obtain a 
treated effluent with low pollution properties under controlled labora­
tory conditions. The biochemical oxygen demand (BOD) and chemical 
oxygen demand (COD) were used to evaluate the quality of the treated 
effluent. Individual trials were conducted to determine the optimum 
conditions for the maximum rate of stabilization. A trial was discon­
tinued when the system being utilized did not appear to be operating 
satisfactorily and/or had lost its efficiency. All trials were con­
ducted in an air. conditioned laboratory.
Experimental Lagoons
Four stainless steel tanks 66 cm long, 15 cm wide, and 33 cm 
deep with a capacity of 76 liters were used as experimental lagoons.
Air was supplied through a plastic tube, 6.4 mm in diameter, to a mani­
fold 43 cm long containing 9 uniformly spaced air outlets 0.5 mm in di­
ameter. The manifold was supported so that it remained 3 cm above the 
bottom of the tank. Air was supplied by use of an oxygen cylinder and 
a pump with a 1/6 horsepower capacity. An agitator with a 10.2 cm cone 
blade was located in the center of the tank to provide mixing. A power- 




Dairy cattle waste was collected from the Louisiana State Univer­
sity Dairy Farm. Fresh individual droppings were collected from the 
free stall housing area. Urine was collected from individual cows but 
was limited to one cow per collection. The urine was mixed with approx­
imately fifty pounds of material in an attempt to maintain uniformity 
of samples at each collection time.
The waste was weighed and diluted with water in order to have a 
liquid system. The amount of water added to the waste was based on the 
loading rate of waste desired in the experimental lagoon. Generally, 
the waste was screened with 3.2 mm mesh wire to remove large particles 
of undigested roughage material. The diluted material was stored in 
ten gallon milk cans at 21 C until utilized.
Chemical Tests
Biochemical Oxygen Demand
The Biochemical Oxygen Demand (BOD) of sewage, sewage effluents 
or polluted waters is the oxygen (expressed in ppm) required to stabi­
lize the decomposable organic matter by aerobic microorganisms in a 
specified period of time. The Alsterberg or sodium azide modification 
of the Winkler Method was used to determine BOD values (1). In this 
method, oxygen determinations were made initially and after 5 days in­
cubation at 21 C (BODg). BODs were conducted on all samples immedi­
ately after collection from the experimental tanks.
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Chemical Oxygen Demand
The Chemical Oxygen Demand (COD) provides a measure of the oxygen 
required to oxidize the organic matter in a sample by using a chemical 
oxidizing agent. It includes both biologically stable and unstable or­
ganic matter. The COD was determined by the method outlined in Standard 
Methods for Examination of Water and Waste Water (1). Daily CODs were 
determined on all samples immediately after collection from the experi­
mental tanks.
Total Solids
Hie total solids of the diluted liquid manure were determined by 
weighing approximately 10 gm of material in a porcelain crucible and 
drying at 100 C for 24 hours. Total solids were determined on samples 
stored at 4 C for no longer than 7 days.
Ash Weight
The ash weight was obtained after the total solids determination 
by igniting the previously dried sample (from total solids determination)
at 600 C for a period of 2 hours.
Volatile Solids
The volatile solids (VS) were calculated by taking the difference
between the ash weight and the total solids weight.
pH Determinations
The pH of all samples at 25 C was determined by the use of a 
Beckman Zeromatic pH meter.
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Temperature




The Standard Plate Count (SPC) was determined by incubating 
appropriate dilutions at 35 C for 48 hours. The plating medium and 
procedures were as outlined in Standard Methods for the Examination of 
Water and Waste Water (1). All determinations were made immediately 
after the sample was collected from the experimental tanks.
Yeast and Mold Count
The yeast and mold counts were determined by plating appro­
priate dilutions in potato dextrose acid agar acidified to a pH of 
4.5 with lactic acid. The plates were incubated at 21 C for 5 days. 
Daily determinations were made immediately after collection of samples 
from the experimental tanks.
Coliform Count
Coliform counts were performed by use of the solid plating tech­
nique using violet red bile agar and by the most probable number tech­
nique using lactose broth as the presumptive medium. All procedures 
followed were as outlined in Standard Methods for the Examination of 
Water and Waste Water (1).
Characterization of Bacteria
Hie types of bacteria present were determined by isolating the 
predominant five organisms appearing on the SPC plates. The organ­
isms were picked onto agar slants and stored at 4 C until the termin­
ation of the trial. The cultures were purified by successive 
streaking techniques. Morphological and physiological characteristics 
of the bacterial cultures were determined by the routine methods for 
identification of bacteria as recommended by the Society of American 
Bacteriologists (32) with media preparation as described in the Difco 
Manual (10). The organisms were classified by the use of the classi­
fication scheme found in Bergey's Manual of Determinative Bacteriology
RESULTS AND DISCUSSION
Trial I
The initial trial was conducted to determine conditions neces­
sary for the system to operate mechanically and to standardize labora­
tory procedures. Approximately 20 kilograms of freshly collected 
waste (urine and feces) were placed in the tank and diluted with 40 
liters of water. The mixture was agitated thoroughly and the air sup­
ply turned on. Aeration was allowed to proceed at a relative slow 
rate. After 24 hours, it was evident that the aeration rate was not 
adequate. The odor noted was very unpleasant. Therefore, the rate of 
aeration was increased to a point where rigorous bubbling could be 
noted. It was also noted that some of the material had settled to the 
bottom of the tank. Thus, the agitator speed was increased from a 
powers tat setting of 60- to"110 to try to prevent settling.
After an additional 48 hours, it was obvious that this system 
was not operating properly. A stable foam layer had developed as a re­
sult of increased aeration and a slight odor was still present. The 
material appeared to be very viscous and certainly was not approaching 
stabilization. The trial was discontinued at this time.
gThe raw waste had a standard plate count (SPC) of 18 X 10 /ml 
and a coliform count of 13 X 10®/ml. Coliform counts were initially 
obtained by the solid plating technique using violet red bile agar. 
Typical colonies were difficult to detect; thus, the most probable
20
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number technique using lactose broth as the presumptive medium was 
utilized in further determinations. The BOD and COD of the raw waste 
were 10,000 and 114,000 ppm, respectively.
Trial II
Approximately 15 kilograms of waste were diluted with 40 liters 
of water and placed in the tank. The aerator and agitator were allowed 
to proceed at the same rate as previously employed in the last phase 
of Trial I. After 24 hours, aeration had to be decreased because a 
foam layer had developed. The foam had risen to the top level of the 
tank and was very stable. In addition, some settling out of solids 
was noted. The system was allowed to continue for another 24 hour 
period. At this time, it was evident that the oxygen cylinder would 
not suffice for supplying oxygen. The oxygen supply had been completely 
depleted. It was again felt that the system was overloaded. Settling 
had occurred but due to the increased rate of aeration the odors pre­
sent were barely noticeable. The material In the tank was discarded 
and the raw waste previously collected was used to study a different 
loading rate.
Since overloading occurred in the previous attempts, only 1 
kilogram of raw waste was used. This was mixed with 1 liter of water 
and further diluted with 42 liters of water when the mixture was 
placed in the tank.
A 1/6 horsepower pump was used to supply air. The pump was 
adjusted to a pressure:of 3.0 psi to supply air at a rate which
approximated the rate used in the first portion of this trial. The 
agitator speed was not changed. Although sampling was not practiced 
on a daily basis, the system was allowed to operate for one week. At 
that time, the waste possessed a dark color and small bits and pieces 
of straw could be noted. A sample was allowed to settle in a beaker.
It was noted by visual observation that the effluent possessed a 
rather dark tea-like color but that the amount of material in solution 
had been substantially reduced. The settled material which included 
roughage and grain particles did not appear to have been greatly 
altered. It appeared that this material was very hard to degrade.
In contrast to the previous efforts, it was felt that this system may 
have been underloaded since seven days were required to obtain a fairly 
stable appearing effluent.
Trial III
Approximately 1 kilogram of freshly collected waste was mixed 
with 1 liter of water and the mixture was filtered through a 3.2 mm 
mesh screen. Since this material was rather viscous, added water was 
used to enhance filtration. A total of 42 liters were added to the 
original mixture. The agitator and aerator rates previously described 
were employed. Samples were collected daily to determine the actual 
changes which occurred while the system was in operation. The system 
was in continuous operation for 9 days.
Figure 1 presents the BOD values obtained during the 9 day 
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Figure 1. Biochemical Oxygen Demand of Waste in Trial III.
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after 1 day. This represented a 41.5 per cent reduction. Further 
reductions were observed after 2 and 3 days with the lowest value 
(60 ppm) appearing after 5 days, at which time 70.8 per cent of the 
BOD had been removed. No further reductions were noted in days 6 - 9 ,  
Actually, slight increases were observed after days 7 and 8. It ap­
peared that after 4 - 5  days the system had reached its maximum effi­
ciency and that perhaps the amount of biodegradable material was not 
sufficient to maintain an active system. Jones et al. (20) reported 
a 70 per cent BOD reduction \riien erlenmeyer flasks were used as aera­
tion chambers. This author utilized a raw waste with a BOD of approx­
imately 4300 ppm; thus, the BOD of the effluent was 1290 ppm. At 
present, health authorities are advocating that a BOD of 30 ppm should 
not be exceeded in effluent which is dumped into open waters. This 
system did not meet this . criterion.
The COD pattern is illustrated in Figure 2. A decrease in COD 
of 36.6 per cent (2400-1500 ppm) was obtained after 1 day. The great­
est reduction of 43.8 per cent was obtained after 4 days. Hie slight 
deviations noted thereafter were probably due to sampling variations.
The daily pH, SPC, coliform and temperature values are presented 
in T&ble 1. The initial pH of 7.4 increased to 7.7, 8.0 and 8.1 during 
the first three days. The values tended to increase or decrease only 
slightly during the remainder of the trial. The alkaline conditions 
indicated that aerobic oxidation was taking place.
The SPC increased steadily from an initial count of 110,000 to
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Figure 2. Chemical Oxygen Demand of Waste in Trial III.
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Table 1
Daily pH, Bacteria Counts and Temperatures of the 
Waste in Trial III
Days pH SPC x 103 y
Coliforms -/ 
MPN x 103 - Temp. °C.
0 7.4 110 540 27.0
1 7.7 6,000 16,000 23.0
2 8.0 17,000 9,200 22.0
3 8.1 28,000 160 22.0
4 8.0 64,000 160 21.5
5 8.2 72,000 22 22.0
6 8.4 47,000 7 21.5
7 8.3 56,000 10 21.5
8 8.3 52,000 3 22.0
9 8.4 49,000 2 22.0
If SPC = Standard Plate Count per ml. 
2/ MPN = Most Probable Number per ml.
*
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to reach the maximum population level and that the count dropped 
slightly thereafter but remained fairly constant. This again indicated 
that the system reached its maximum efficiency after 4 - 5  days of 
operation.
An increase in the coliform count from 540,000 to 16,000,000/ml 
occurred after the first day. The count was still high (9,200,000/ml) 
after 2 days but generally dropped substantially in days 3 - 9 .  The 
MPN technique was developed for a 100 ml sample but the results in all 
trials have been expressed as the coliform count/ml.
After an initial drop in temperature from 27 C to 23 C after 1 
day, the temperature remained fairly constant throughout the remaining 
period.
Trial IV
A different approach to the problem was considered in this trial. 
The primary objectives of dairy cattle waste disposal systems are to 
stabilize the organic matter and thus remove the biodegradable material 
from the water in a practical and economical manner. Taiganides (34) 
has stated that "dilution is no solution to the problem of pollution." 
Thus, a logical consideration was to limit the amount of water added to 
the system. In addition, an attempt was made to control the rate of 
aeration so that the heat generated by the oxidation process could in­
crease the temperature of the system and thus speed up the biological 
process.
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Forty kilograms of freshly collected waste were diluted with
18 liters of water. This mixture was then blended for 45 seconds using
a Waring blender. A fairly homogenous viscous mixture was obtained.
The mixture remained in a 10 gallon milk can for 24 hours at 21 C be­
fore being added to the tank. The rate of aeration was adjusted so 
that slow bubbling could be noted. The agitator speed was reduced to 
the extent that only a slow movement of material could be noted. The 
system operated continuously for a 10 day period.
The initial BOD was 10,550 ppm (Figure 3). A slight reduction
was noted in the first 3 days and only an 18.5 per cent reduction was
obtained after 4 days. The greatest reduction occurred during days 5 
through 7. After 7 days the BOD had dropped from 10,550 ppm, initi­
ally, to 3,400 ppm (67.8 per cent reduction); at 9 days very little 
change was noted. The material was allowed to settle but its viscous 
nature did not allow the water to separate to any extent. Ten liters 
of water were added to the system to try to enhance settling. An addi­
tional .24 hours of operation resulted in only a slight decrease in 
BOD (2,500 to 2,200 ppm).
The initial COD of 86,000 ppm changed little during the first 9 
days (Figure 4) . The changes that were noted were probably due to the
sampling and diluting variations associated with a very viscous mater­
ial. A COD of 37,000 ppm at 10 days was obtained even after the addi­
tion of the 10 liters of water at day 9.
The initial pH of the waste was 5.5 (Table 2). The pH increased 
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igure 4. Chemical Oxygen Demand of Waste in Trial IV.
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Table 2
Daily pH, Bacteria Counts, Yeast and Mold Counts and 
Temperatures of Waste in Trial IV
Days pH SPC x 103 y
Coliform 
MPN x 103 - y & m x io3 y Temp. C
0 5.5 66,000 1,700 25,000 24.5
1 5.7 58,000 35,000 11,000 24.0
2 6.0 135,000 7,000 22,000 24.0
3 7.2 174,000 4,900 50,000 25.0
4 7.3 172,000 4,900 86,000 23.5
5 — - - - - -
- - - - -
7 7.8 164,000 4,900 76,000 23.5
8 8.0 400,000 3,300 69,000 23.5
9 8.0 630,000 1,700 79,000 23.0
10 8.2 430,000 3,300 50,000 23.0
11 8.2 460,000 1,700 64,000 23.0
If SPC « Standard Plate Count per ml. 
2I MPN = Most Probable Number per ml. 
3/ Y & M  = Yeasts and Molds per ml.
4/ Samples not analyzed.
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further Increase occurred after 7 days (7.8) and only small changes were 
noted thereafter. It should be noted that the odor was very objection­
able Initially and although depleted to some extent, an objectionable 
odor persisted throughout the 10 day period.
The SPC, coliform count, and yeast and mold count were presented 
in Table 2'.. The SPC was 66,000,000/ml initially. The count ranged 
from 135 to 174,000,000/ml at days 2 through 7. A substantial increase 
in count to 400,000,000/ml was observed at day 9. Possibly a change in 
flora had occurred at this time; however, no real changes in BOD and 
COD values were evident. All SPCs.- were significantly higher than in 
the previous trial. As in Trial III, the coliforms increased rapidly 
after 1 day (1,700,000 to 35,000,000/ml) and generally declined in days 
2 through 7. The yeast and mold count ranged from 11,000,000 to
86,000,000/ml, but remained fairly stable after 3 days.
The expected increase in temperature (Table 2.) did not occur.
A high of 25 C, an increase of 0.5 C from the initial temperature, was 
recorded at day 3. Generally a slight drop (0.5 C) occurred in days 
4 through 10.
Hie per cent total solids, ash and volatile solids are presented 
in Table '3. The initial total solids of 8.015 per cent were reduced 
only slightly even after the addition of water after 9 days. Before 
the addition of water, it appeared that the variations in per cent ash 
(15.6235 - 22.4565) and per cent volatile solids (77.5335 - 84.3763) 
were due to sampling and not to actual reductions.
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Table 3
Daily Total Solids, Ash, and Volatile Solids 








0 8.0150 18.3000 81.7003
1 7.1050 17.3063 82.6937
2 7.5510 16.4183 83.5817
3 6.9994 18.3300 81.6700
4 7.1907 18.1656 81.8344
5 - - -
6 - - -
7 6.8722 22.4565 77.5435
8 7.0831 17.9678 82.0322
9 7.3529 15.6237 84.3763
10 7.2679 8.9737 91.0263
11 - - -
1/ No samples analyzed on days with missing data.
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The data obtained in this trial showed very little promise 
under the laboratory conditions employed in this system. An aeration 
system designed to utilize the heat of oxidation to raise the tempera­
ture of the system would require a great deal of engineering research 
and, if successful, it would probably be costly. Dilution may not be 
the solution to the problem of pollution, but in this trial, concentra­
tion only led to frustration.
Trial V
This trial was designed to improve the system utilized in Trial 
III. As previously stated, the system in Trial III appeared to reach 
its maximum efficiency after 4_ - 5 days of operation. Thus, it was 
hypothesized that an addition of raw waste and a removal of effluent 
might allow the system to operate continuously at maximum efficiency. 
Irgens and Day (17) have utilized this procedure and these workers have 
reported that best results were obtained by continuously adding raw 
waste to the aeration unit.
Five kilograms of freshly collected manure with the addition of 
35 liters of water to enhance filtration were passed through a 3.2 mm 
mesh screen. This ratio of waste to water was utilized until a 10 gal­
lon milk can had been filled.
The mixture remained in the milk can for 24 hours at 21 C. Ap­
proximately 20 liters of this mixture were then diluted with 20 liters 
of water and placed in the tank. The agitator and aerator were adjusted 
to provide the rates previously described in Trial III (2.0 psi and 110
35
powerstat setting). The material in the milk can was utilized when 
additions were made to the system. The system operated continuously 
for 5 days. On the 5th day, the agitator and aerator were turned off 
and a 2 - 3 hour period was allowed for sedimentation. A sample of 
the effluent was collected after sedimentation. Immediately after 
sample collection, 3.5 liters of effluent were removed and 3.5 liters 
of original material (stored in can) were added. The agitator and 
aerator were then turned on. The same procedure was followed on days 
8 and 11. The trial was terminated after the 12th day.
The initial BOD was 445 ppm (Figure 5). A 61.5 per cent reduc­
tion (455 - 175 ppm) in BOD was obtained after 1 day. Little change 
occurred at 2 and 3 days. The effluent collected after sedimentation 
on day 5 had a BOD of 27 ppm. This represented a reduction of 94.1 
per cent. The BOD on day 6 was 320 ppm with the increase due to the 
addition of raw waste. At day 8, the BOD of the effluent was 26 ppm. 
This represented a 91.9 per cent reduction (320 ppm - 26 ppm) in 72 
hours. A subsequent addition on the 8th day with sedimentation on the 
11th day resulted in a 90.2 per cent reduction in the BOD. After the 
addition of 3.5 liters of raw waste on the 11th day, it was decided 
to reduce the time of operation to 48 hours. Therefore, on day 13, a 
sample was collected after sedimentation. The sample had a BOD of 17 
ppm. This represented a BOD reduction of 91.8 per cent (207 - 17 ppm) 
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Figure 5. Biochemical Oxygen Demand of Waste in Trial V.
The COD values (Figure 6) followed the same pattern as the 
BODs. A gradual reduction occurred during the first five days with 
a 80.6 per cent reduction noted after 5 days. Upon the addition of 
raw waste (after 5 day sampling), the COD increased from 1,280 to 
4,220 ppm at the 6th day. A further increase was obtained after 7 
days and was probably due to sample variations. The COD on day 8 was 
804 ppm which represented an 80 per cent reduction from the 6 day value. 
Samples on days 9 and 10 were not analyzed. The 11 day value was 578 
ppm; thus, it appeared that the same trend had occurred. The COD pat­
tern on days 11 and 13 was identical to the BOD pattern previously dis­
cussed.
The initial pH of the waste (Table .4 ) was 7.3. The value in­
creased to 7.8 after 1 day and varied from 7.6 - 8.2 during the remain­
ing 12 days. Thus, no marked pH changes were observed.
Results of the SFC, coliform, and yeast and mold counts were 
presented in Table '4. A high SPC of 49,000,000/ml was obtained after 
2 days. It is interesting to note that the population levels were some­
what less than in previous trials. A significant reduction was noted as 
a result of sedimentation. The counts at 5, 8, 11, and 13 days were 
2,600,000; 2,200,000; 4,600,000; and 6,600,000/ml, respectively. Thus, 
many of the organisms settled during sedimentation. The coliform 
counts also differed from previous trials. These counts generally de­
creased with time. Counts at..5, 8, 11, and 13 days were 5,000; 2,000; 
3,000; and 1,000/ml, respectively. The greatest variation in counts 
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Figure 6. Chemical Oxygen Demand of Waste in Trial V.
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Table 4
Dally pH, Bacterial Counts, Yeast and Mold Counts and 
Temperatures of Waste In Trial V







0 7.3 6,800 70 47 25
1 7.8 14,000 34 130 25
2 7.8 49,000 13 - 20
3 - - - - -
4 8.2 28,000 33 2 20
5 7.9 2,600 5 8 21
6 7.9 46,000 17 62 21
7 7.6 36,000 5 39 21
8 7.8 2,200 2 9 21
9 8.1 19,000 2 15 22
10 8.0 9,500 4 10 22
11 8.1 4,600 3 6 21
12 8.1 17,000 2 22 21
13 8.0 6,600 1 13 21
1/ No samples analyzed on days with missing data.
2/ SPC = Standard Plate Count per ml. 
3/ MPN = Most Probable Number per ml. 
4/ Y & M = Yeasts and Molds per nil.
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after sedimentation were generally the lowest. It should be pointed 
out that molds were seldom found on any of the plates and perhaps 
acid tolerant bacteria accounted for some of the total count.
The temperature (Table .'4) changed very little after an initial 
drop from 25 to 20 C between day 1 and day 2. The range was from 20.0 - 
22.0 C in days 2 - 1 3 .
The per cent total solids, ash and volatile solids are presented 
in Table V. The initial total solids were 0.6456 per cent. Total 
solids reductions of 80.5, 61.7, 77.2, and 75.7 per cent were obtained 
after sedimentation at days 5, 8, 11, and 13. These are particularly 
significant in that the totals solids per cent after each addition of 
raw waste at no time exceeded the initial value of .6456 per cent. The 
per cent ash generally increased with time and the highest percentages 
of 42.2819, 30.3571, 40.4392, and 44.2246 occurred after sedimentation 
at days 5, 8, 11, and 13. The volatile solids were obtained by the 
difference in ash and total solids and thus the reverse occurred. These 
values are characteristic of stabilized effluent.
The only time that odors were present was when raw waste (stored 
in milk can) was added. The raw waste had a terrific odor due to the 
anaerobic conditions which prevailed. It was felt that the amount of 
anaerobic breakdown in the stored material enhanced the decomposition 
process in the aerobic system. Some of the organic material may re­
quire some type of anaerobic breakdown before aerobic organisms can 
actively metabolize some of the end products.
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Table 5
Dally Total Solids, Ash, and Volatile Solids 








0 0.6456 18.0758 81.9242
1 0.4942 20.8185 79.1815
2 0.5104 21.5986 78.4014
3 - - -
4 0.4530 24.7582 75.2418
5 0.1260 42.2819 57.7181
6 0.4888 25.4902 74.5098
7 0.5088 24.5347 75.4653
8 0.1582 30.3571 69.6429
9 0.5260 26.4287 63.5713
10 0.4720 26.2942 73.7058
11 0.1201 40.4392 59.5608
12 0.4662 31.7629 68.2371
13 0.1132 44.2246 55.7754
If No samples analyzed on days with missing data.
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Trial VI
This trial was designed to study the system used in the previous 
trial over an extended period of time and to determine the maximum 
loading rate of the system. In addition, it appeared necessary to com­
pare a system using only agitation with a system using agitation and 
mechanical aeration. A second tank was used in each system to collect 
the effluent which was removed after sedimentation.
Freshly collected waste was filtered through a 3.2 mm mesh screen, 
using a ratio of 1 kilogram of waste to 7 liters of water. Two 10-gal­
lon milk cans were filled with the liquid waste. After 24 hours, 20 
liters of waste were placed in each tank and diluted with 20 liters 
of water. Tank 1 (T-l) had only an agitator while Tank 2 (T-2) had both 
an agitator and an aerator. The predominant bacteria‘.present on the SPC 
plates made from each tank were isolated and characterized. Tank 1 oper­
ated continuously for 48 days, while tank 2 was in operation for 50 days. 
Table 6 summarizes the amounts of effluents removed and raw waste addi­
tions after sedimentation.
Tank-1. Agitation
The initial BOD of the waste in T-l was 754 ppm (Figure 7).
After sedimentation, effluent was removed from T-l and placed in a sec­
ond tank which was not aerated or agitated. Samples were collected 
after sedimentation on day 5. The BOD was reduced by 94.6 per cent 
(754 - 41 ppm). Three liters of effluent were drawn into the second 
tank and 3 liters of waste were added to T-l. The same procedure was
43
Table 6
Amounts of Effluent Removal and Raw Haste Addition After 

















5 3 3 3 3
7 3 3 3 3
11 6 6 6 6
13 6 6 6 6
15 0 4 0 4
20 6 6 6 6
22 6 6 6 6
25 6 6 6 6
27 6 6 6 6
29 0 0 0 0
32 0 3 0 3
34 6 6 6 6
36 0 0 6 6
39 6 6 9 9
41 0 0 9 9
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7. Biochemical Oxygen Demand of Waste in Tank - 1 of Trial VI.
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followed on the 7th day. The BOD was reduced 88.1 per cent, but the 
final BOD was only 30 ppm as compared to a value of 41 ppm after 5 
days. These results were similar to those obtained in Trial V. It 
should be emphasized that the BOD reductions were based on the values 
obtained 1 day after the addition of the raw waste. Thus, the values 
were probably larger than indicated. Ihe BOD of the settled effluent 
on the 11th day was 17 ppm. At this point, 6 liters of effluent were 
removed from T-l and an equal amount of raw waste was added to the 
system. The reduction in BOD after 13 days was 79.3 per cent (285 - 
59 ppm). Six liters of effluent were removed and 6 liters of raw 
waste were added on days 13, 20, 22, 25, and 27. BOD reductions of 69.4, 
76.5, and 90.3 per cent were obtained at days 20, 22, and 27, respec­
tively. However, a BOD of 44 ppm was obtained at day 27. This value 
was above the recommended value of 30 ppm for effluent which is to be 
discharged into open waters. Uius, at day 29 no waste was removed or 
added to the system, and at the 32nd day no effluent was removed but 3 
liters of waste were added. The system did not completely respond to 
the reduction in loading rate. The BOD at day 34 was 50 ppm. Never­
theless, 6 liters of effluent were removed and 6 liters of raw waste 
were added on day 34. A 94.9 per cent reduction was obtained on the 
36th day (431 - 22 ppm). It appeared that the system was again oper­
ating effectively. Six liters of effluent were removed and 6 liters 
of raw waste were added on days 39 and 43. Again, the system appeared 
to be overloaded. At 41 and 46 days, the BOD values were 176 and 120 
ppm. Based on the resultB of the BOD, this system was capable of
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operating effectively at a loading rate of 3 liters of raw waste every 
48 hours, but not at a 6-liter loading rate every 48 hours. BOD deter­
minations in the second tank were made periodically. The average BOD 
of the effluent in this tank was 20 ppm.
The values for COD in T-l (Figure 8) followed the trends of the 
BOD. COD reductions of 83.6 and 84.1 per cent were obtained with the 
3-liter loading rates. Reductions ranged from 68.1 to 94.2 per cent 
when the 6-liter loading rate was employed. A COD range of 640 - 1000 
ppm was obtained in effluents possessing a BOD of less than 30 ppm. 
Visual observation of the effluent possessing a BOD greater than 30 ppm, 
revealed that the liquid was rather murky. In contrast, effluent with 
a low BOD (less than 30 ppm) had a dark tea-colored appearance.
The initial pH of the waste was 7.0 (Table 7). An increase in 
pH to 8.2 occurred after 5 days. The pH remained on the alkaline 
side throughout the trial. The pH of the raw waste (material stored in 
can) ranged from 4.5 - 5.0. After the addition of this material, pH 
reductions from 0.2 to 0,8 units were noted the following day. The pH 
ranged from 7.5 - 8.5 in days 6 through 48.
The results of SPC, coliform, and yeast and mold counts of waste 
in T-l are presented in Table 7.
The initial SPC was 10,000,000/ml. This value increased to
36,000,000/ml after 1 day. A drop in count to 6,200,000/ml on the 4th 
day contradicted the results of previous trials; therefore, this value 
should be questioned. As previously described in Trial V, the SPCs 
dropped significantly after sedimentation. Standard plate counts 1
20
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Dally pH, Bacteria Counts, Yeast and Mold Counts and 
Temperatures o£ Waste in T-l of Trial VI
" Coliforms " Y & M
pH SPC x 103 y  MPN x 103 x 103 V
7.0 10,000 920 90
7.5 36,000 920 850
7.7 6,200 700 120
8.2 13,000 79 65
8.0 53,000 27 130
8.3 7,800 5 43
7.5 74,000 62 450
8.5 7,700 92 IA 1/
8.0 110,000 2 250
8.2 26,000 17 48
7.8 58,000 5 200
8.2 18,000 2 34
7.8 46,000 IA 100
7.7 43,000 13 110
7.8 12,000 35 46
8.1 110,000 22 120
8.2 4,900 3 6




Days •!/ pH SPC x 103 y
Coliforms 





26 8.2 37,000 54 160 21.0
27 8.5 4,800 22 40 21.0
28 7.8 32,000 35 36 21.5
29 8.4 7,300 5 29 21.0
30 - - - - -
31 - - - -
32 8.8 3,600 3 17 22.0
33 8.0 26,000 92 210 21.5
34 8.3 9,000 54 39 21.5
35 7.8 62,000 54 61 22.0
36 - - - - -
37 - - - - -
38 - - - - -
39 8.5 1,600 2 8 22.0
40 8.0 34,000. 24 230 22.0
41 8.0 19,000 35 80 21.5
42 7.8 92,000 160 380 21.5
43 8.4 3,100 5 60 21.5
44 - - - - -
45 - - - - -
46 8.7 1,100 1 1 22.0
47 8.3 45,000 35 22 22.0
48 8.4 1,000 2 3 22.0
If No samples collected on days with missing data. 
2/ SPC = S tandard Plate Count per ml.
3/ MPN = Most Probable Number, per ml.
4/ Y & M = Yeast and Mold Count per ml.
5/ LA = Laboratory Accident.
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day after the addition of raw waste ranged from 26 - 110,000,000/ml 
while the counts after sedimentation ranged from 1 - 26,000,000/ml.
The coliform counts generally dropped significantly with time.
The initial value was 920,000/ml. The alkaline environmental condi­
tions in the waste treatment system were unfavorable for these parti­
cular organisms. Since enteric pathogens are closely related to the 
coliforms, they may also die off as a result of an unfavorable environ­
ment.
The results of yeast and mold counts were similar to those ob­
tained in Trial V. A high of 850,000/ml was obtained after 1 day. 
Sedimentation drastically reduced the counts to as low as 6,000/ml.
Due to aeration, alkaline conditions, and the fairly low counts, the 
significance of these organisms in the stabilization process appeared 
questionable.
The temperature varied little throughout the trial, ranging from 
20 - 22 C, a temperature commonly found in an air conditioned laboratory.
The results of the determinations of total solids, ash, and vola­
tile solids percentages are presented in Table 8. The initial total 
solids of waste in T-l was 0.5197 per cent. Solids reductions obtained 
in the effluent after sedimentation ranged from 65.3 to 87.0 per cent.
It was noted that after 6-liter additions, a gradual increase of solids 
in T-l occurred. A high of 1.3058 per cent solids was obtained after 
42 days. The increase in solids was attributed to a slight increase in 
feed particles and an increase in the amount of sludge. The amount of 
solids in the bottom of the tank was not sufficient to form a layer
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Table 8
Daily Total Solids, Ash, and Volatile Solids Percentages 




% 7c Volatile 
Ash Solids
0 0.5197 19.9656 80.0344





5 0.1811 39.2857 60,7143
6 0.5137 11.6981 88.3019
7 0.1615 37.1257 62.8743
8 0.6442 19.1904 80.8096
9 - - -
10 - - -
11 0.1743 43.3155 56.6845
12 0.6162 20.4348 79.5652
13 0.1698 44.2786 55.7214
14 0.2333 LA 1/ LA 1/
15 0.1808 28.7179 71.2821
16 - - -
17 - - -
18 0.7070 21.5661 78.4339
19 0.7183 21.3618 78.6382
20 0.1757 49.4845 50.5155
21 0.7229 24.2979 75.7021
22 0.2070 32.6271 46.6667
23 - - -
24 - - -













27 0.1950 46.8182 53.1818
28 1.0024 16.7925 83.2075
29 0.1947 43.5407 56.4593
30 - - -
31 - - -
32 0.1888 43.9815 56.0185
33 1.0617 24.0786 75.9216
34 0.2994 37.5000 62.5000
35 1.1636 23.1557 76.8443
36 LA If LA 2/ LA If
37 - - -
38 - - -
39 1.2875 24.0753 75.9247
40 0.1677 51.2821 48.7179
41 0.5105 31.5091 68.4909
42 1.3058 25.8108 74.1892
43 0.1998 55.1111 44.8889
44 - - -
45 - - -
46 0.1580 61.6667 38.1304
47 1.2954 26.2729 73.7271
48 0.4489 73.7271 26.4244
1/ No samples collected on days with missing data. 
2/ LA = Laboratory Accident.
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greater than 2 mm in dept. The ash and volatile solids percentages fol­
lowed the same pattern as noted in Trial V. The percentages of volatile
solids in the treated effluent ranged from 26 to 71 per cent, but gen­
erally the values were near 50 per cent.
Tank 2 - Agitation and Aeration
The BOD values of waste in T-2, aerated system, were presented
in Figure 9. After 5 days, the BOD of the treated effluent was 51 ppm.
This was higher than the 41 ppm value obtained in T-l. The same oc­
curred at day 7, T-l (30 ppm) and T-2 (41 ppm). Thus, it appeared that 
it took a little longer for this system to begin operating efficiently. 
After the loading rate was increased to 6 liters, a difference in the 
systems was detected. The BODs of the treated effluent in T-2 at days 
13, 15, 20, 22, 25, 32, 34, and 36 were less than 30 ppm. These lower 
values indicated that the mechanical aeration system was more efficient 
than the system in T-l. At day 39, 9 liters of effluent were removed 
and 9 liters of raw waste added. The result was a 96.6 per cent reduc­
tion (470 - 16 ppm) at day 41. A 9-liter removal-addition was again 
performed on day 41. The BOD reduction at 43 days was 92.6 per cent 
(431 - 23 ppm). The increase in loading rate ( 6 - 9  liters) did not 
affect the system. A loading rate increase to 12 liters was made at 
day 43. This addition significantly affected the system. On day 46, 
it was obvious that the system could not handle this load in a 3-day 
period. The effluent had a murky color and sedimentation was not com­
plete. A BOD of 90 ppm was obtained on day 46. No further additions 
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Figure 9. Biochemical Oxygen Demand of Waste in Tank - 2  of Trial VI.
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effluent was 42 ppm. Thus, the mechanically aerated system employed 
in T-2 appeared to operate efficiently at a 9-liter loading rate, but 
not at a 12-liter rate.
In this study, it was assumed that a BOD of 30 ppm or less would 
be the accepted standard for stabilized effluent. Other workers (6, 7, 
8, 39), utilizing mechanical aeration systems, have reported higher 
BODs in the treated effluent. Vickers and Genetelli (39) utilized an 
aeration system with a five-gallon capacity and added a slurry contain­
ing a BOD of 10,000 ppm at a rate of 15 liters every 48 hours. A final
BOD of 60 - 80 ppm was obtained. Converse, et al. (7), Jones, et al.
(20), Dale, et al. (8) and Clayton and Feng (6) have reported final 
effluent BODs of 50 - 200 ppm in their studies of aerated systems. In 
contrast, Irgens and Day (17) reported that BODs of treated effluent 
(after sedimentation) were 10 - 15 ppm. This compares favorably with 
the results obtained in T-2.
The aerobic system should be designed to produce an effluent BOD 
of 30 ppm, provided that this value will be accepted as the standard for 
the final effluent. In this study, it appeared that the loading rate
may be of greater importance than the amount of aeration. The amount
of dissolved oxygen in water is affected by temperature, the amount of 
oxidizable organic matter, the rate of oxidation and rate of aeration. 
Therefore, at a constant temperature, the rate of aeration required 
will depend on the amount of the oxidizable organic matter and the rate 
at which the aerobic organisms utilize the dissolved oxygen.
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The results of CODs are presented In Figure 10. The results 
were similar to those obtained in T-l. Due to the higher loading rates 
utilized in T-2, higher COD values were obtained. After the 12-liter 
addition of raw waste, a high COD of 18,000 ppm was obtained on day 47. 
The increase in COD was largely attributed to an increase in totals 
solids due to the increased loading rate.
The pH values (Table 9) were comparable to the values obtained 
in T-l. A high pH of 8.7 was obtained on day 25. Again, a reduction 
in pH occurred after the addition of the «aw waste but the system re­
mained alkaline throughout the trial. In contrast, Clayton and Feng 
(6) have reported that an effluent pH of 7.1 was obtained in aeration 
studies of dairy waste.
The SPCs (Table 9) were similar to the values previously dis­
cussed in T-l of this Trial and in Trial V. A high of 250,000,000/ml 
was noted at the 13th day. This was very peculiar because this sample 
was collected after sedimentation. Presumably, some type of contami­
nation in the SPC determination was responsible for this value.
Hie coliform count increased after 1 day from 35 to 920,000/ml. 
This increase was previously noted in Trials 2 and 3 but not in Trial 
V or in T-l of this trial. Counts continued to decrease with time 
until the 12 liter addition of raw waste. The count at day 47 was 
92,000/ml.
The yeast and mold counts also followed the same trend as pre­
viously noted in T-l and Trial V. A high of 1,600,000/ml was obtained 
on the 42nd day.
Days 0 - 2 5  
Days 26 - 50
25 25
~2 3 5 5 5 7 8 5 D3 TI 12 13 15 15 15 T7 IS T5 20 21 22 2j «




Figure 10. Chemical Oxygen Demand of Waste in Tank - 2 of Trial VI.
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Table 9
Dally pH, Bacteria Counts, Yeast and Mold Counts and 
Temperatures of Waste In T-2 of Trial VI
Coliforras Y & M Temp.
Days If pH SPC x 103 V  MPN x 103 1> x 103  C.
0 7.0 17,000 35 64 21.0
1
2
7.4 34,000 920 300 21.0
3
4 7.8 130,000 540 360 21.0
5 8.0 29,000 130 148 20.5
6 7.8 70,000 70 400 20.5
7 8.2 6,200 17 47 20.5
8 7.9 50,000 350 460 21.0
9
10 - - - - -
11 8.3 LA V 170 33 21.0
12 8.0 83,000 14 370 21.0
13 8.2 250,000 17 57 20.5
14 8.0 66,000 350 240 21.0
15 8.2 13,000 54 48 21.5
16 - - - - -
17 - - - - -
18 7.9 21,000 350 160 21.5
19 7.8 35,000 92 260 21.0
20 7.8 3,200 8 20 21.0
21 7.9 48,000 35 180 21.0
22 8.4 2,100 22 79 20.0
23 - - - - -
24 - - - - -
25 8.7 2,800 13 28 20.5




Days — ^ pH SPC x 103
Conforms 
MPN x 103 It




27 8.4 4,200 11 190 20.5
28 7.9 24,000 17 930 21.0
29 8.4 3,600 5 50 21.0
30 - - - - -
31 - - - - -
32 8.5 850 1 7 21.5
33 8.1 27,000 35 69 21.5
34 8.2 790 2 52 21.5
35 7.8 44,000 LA I/ 700 21.5
36 - 860 3 65 21.0
37 - - - - -
38 - - - - -
39 8,5 1,700 1 LA 1/ 21.5
40 7.9 52,000 LA 2/ 730 21.0
41 8.5 7,700 5 460 21.5
42 7.9 LA 22 1,600 21.0
43 8.6 2,300 8 7 21.0
44 - - - - -
45 - - - - -
46 8.6 1,600 3 4 21.5
47 8.2 69,000 92 490 22.0
48 8.2 9,300 35 40 21.5
49 8.0 58,000 17 240 21.5
50 8.2 4,800 13 27 21.5
1/ No samples collected on days with missing data. 
2J SPC « Standard Plate Count per ml.
3_/ MPN * Most Probable Number per ml.
4/ Y & M  = Yeast and Mold Counts per ml.
5/ Laboratory Accident.
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The total solids, ash and volatile solids percentages are pre­
sented in Table 10. Per cent reductions ranged from 70.4 to 87.7.
A general Increase in solids was noted with the continued addition of 
the raw waste. A high of 1.5142 per cent occurred on the 49th day.
This was a result of the 12-liter addition of raw waste on day 43 and 
the value was higher than the 1.3058 per cent noted in T-l. However, 
in T-2, a total of 84 liters of waste was added during the study while 
67 liters was added to T-l. The increase in total solids was closely 
correlated with the increase in COD. The higher values were presum­
ably due to an increase in the non-biodegradable matter. The ash and 
volatile solids percentages compared favorably with the values ob­
tained in T-l.'
Potential Applications for Farm Use
Based on the results obtained with the mechanical aeration system, 
T-l of Trial VI; the following assumptions and facts were used to de­
termine the potentials of such a system.
1. A mature dairy cow produces 100 lbs (225 kg) of waste/day 
(75 lbs of manure and 25 lbs of urine).
2. Approximately 40 liters (7.5 gallons) of water are used in 
the farm operation/cow.
3. One gallon of water contains 3.78 liters.
4. One cu. ft. of water occupies 7.5 gallons.
5. The average BOD of the waste was 8,000 ppm.
6. An average dairy farmer milks 85 mature cows.
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Table 10
Dally Total Solids, Ash, and Volatile Solids Percentages 








0 0.5317 18.1347 81.8653
1 0.5699 15.4723 84.5277
2 - -
3 -
4 0.5369 18.0243 81.9757
5 0.1157 2.5424 97.4576
6 0.5856 17.9402 82.0598
7 0.1750 40.2174 59.7826
8 0.5680 21.6641 78.3359
9 - - -
10 - - -
11 0.5822 10.9955 89.0045
12 0.6176 22.0222 77.9778
13 0.1785 39.1753 60.8247
14 0.7150 22.0432 77.9577
15 0.1585 42.6136 57.3864
16 - - -
17 - - -
18 0.7098 23.9680 76.0320
19 0.7202 23.7221 76.2779
20 0.1601 53.3333 46.6667
21 0.6900 25.4743 74.5257
22 0.1559 50.0000 50.0000
23 - - ~













26 0.7752 24.5530 75.4470
27 0.1692 52.1505 47.8495
28 0.8700 24.6392 75.3608
29 0.1960 45.2830 54.7170
30 - - -
31 - -
32 0.1733 47.3118 52.6882
33 0.9265 26.1357 73.8625
34 0.1730 56.5445 43.4555
35 1.1336 26.0060 73.9940
36 la y la y la y
37
38
39 1.2874 24.6502 75.3498
40 0.1582 53.5912 46.4088
41 0.1658 52.0408 47.9592
42 1,3093 25.6856 74.3144
43 0.1543 62.5000 37.5000
44 - - -
45 - - -
46 0.1623 60.8696 39.1304
47 1.5047 25.1318 74.8682
48 0.2898 43.5976 56.4024
49 1.5142 24.3091 65.6902
50 0.2748 64.9103 35.0897
1/ No samples collected on days with missing data. 
2j IA = Laboratory Accident.
A volume of 265 kg (70 gallons) of waste containing a BOD of
8,000 ppm would produce 4,66 lbs of BOD/cow/day. Eighty-five cows 
would produce 396,1 lbs of BOD/day. The aerated system (T-l) effi­
ciently stabilized 2.4 gallons (9 liters) of waste with a BOD of 
approximately 1,000 ppm. The BOD removed every 48 hours was 0.02 lbs. 
The system contained 10.6 gallons (40 liters) of water. Thus, the 
volume of water required to remove 396.1 lbs of BOD would be 209,933 
gallons. This would require a lagoon area of 27,992 cu. ft. For 
example, a lagoon constructed 100 ft long, 6 ft deep, and 47 ft wide 
could handle this volume. The dairyman would also need a storage pit 
large enough to hold the waste for a period of 48 hours. In compari­
son, the present recommendations for only the anaerobic lagoon in 
the complete lagoon system (loading ramp, one anaerobic lagoon, and 
one aerobic lagoon) requires a capacity of 27,000 cu. ft for a 100 
cow herd. Thus, it appeared that aeration in the form of compressed 
air may be used to stabilize dairy waste under practical farm condi­
tions .
It should be emphasized that this study was conducted under 
controlled laboratory conditions. Variations in temperature, rainfall, 
and type of waste could influence the results obtained under practical 
conditions. The role of sunlight and the natural movement of the 
liquid may affect the temperature and the amount of dissolved oxygen 
in a system. In addition, no attempt was made to determine the eco­
nomics of such a system. Engineering research will be required to 
determine the most economical design necessary to construct an aerated
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system. The dairyman will certainly be required to have an efficient 
waste disposal system. Further research will be required to obtain 
engineering and economical data untfar practical farm conditions.
Characterization of Bacteria
The five predominant colony types present on the SPC plates of 
each system, T-l and T-2, were isolated. The cultures were purified by 
successive streaking procedures. Many of the same colony types repeat­
edly occurred on the plates. Cellular morphology and colony forms were 
used to group the organisms which appeared identical. Gelatin lique­
faction, methyl red test, acetylmethylcarbinol production, catalase, 
indole production, nitrate reduction, and the action on citrate, litmus 
milk, glucose, lactose, sucrose, and mannitol were used to determine 
the biochemical characteristics of the bacteria.
The predominant organisms were gram negative rods usually fairly 
short and plump. A total of 34 cultures possessing these characteris­
tics were isolated. The most frequently occurring organisms were 
present in rather small, 1-2 mm, yellowish colonies. Generally, very 
few of the isolates produced acid in glucose, lactose, sucrose, or 
mannitol and negative results were obtained for methyl red tests, 
acetylmethylcarbinol and indole production. A few of the cultures were 
capable of liquefying gelatin, utilizing citrate, and reducing nitrate 
to nitrite. Based on the scheme of morphological and biochemical charac­
teristics described in Bergey's Manual (3), members of the following 
genera were isolated: Flavobacterium, Alcaligenes. Achromobacter, and
Pseudomonas. Two isolates each of Escherichia and Aerobacter were also 
obtained.
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In addition to the rather small gram negative rods, a few of 
the isolates were longer gram negative rods possessing a long thin 
sheath. Their colonies appeared as round, white, smooth, fairly 
large (3 - 5 mm in diameter) on the tryptone glucose agar plates.
These organisms were generally not very active in the biochemical 
tests employed. It appeared that these organisms belonged to the 
Chlamydobacteriales order and possibly to the genus Sphaerotilus.
This genus has been associated with activated sludge systems and is 
considered to be a nuisance organism, that is, capable of clogging 
pipes and sewer lines.
Only two cultures of gram positive cocci were isolated. Their 
colonies were small, less than 1 mm, white and circular in appearance. 
These organisms belonged to the genera Streptococcus and Micrococcus.
It was interesting to note that they were isolated in the initial 
phases of T-l in Trial VI and were not recovered thereafter.
No differences in the types of organisms present in each system, 
T-l and T-2 of Trial VI were observed. The same colony.types predomi­
nated throughout this study. It should be pointed out that none of 
the cultures isolated were spore-formers. This was unexpected since 
these organisms are widely distributed in soil and water. They were 
probably present, but were excluded by the isolation technique employed. 
Further studies are needed to determine the actual role of the organ­
isms in the aerobic stabilization process.
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SUMMARY
X. Undiluted raw dairy waste had an average BOD of 10,550 ppm 
and an average COD of 114,000 ppm. The average SPC, coliform counts, 
and yeast and mold counts were 18 x 10®/ml, 13 x 10®/ml, and 50 x 10®/ 
ml, respectively. The average pH of raw waste was 7.2.
2. An aeration system utilizing concentrated dairy waste did 
not effectively stabilize the waste in 10 days, nor prevent objection­
able odors.
3. The BOD of dairy waste was significantly reduced in a mech­
anically aerated system. The most efficient system was obtained when 
9 liters of a raw waste with a BOD of 100 ppm were added and 9 liters 
of treated effluent were removed every 48 hours. The average BOD of 
the treated effluent was 20 ppm. A system utilizing only mechanical 
agitation produced a final effluent BOD of approximately 20 ppm when
3 liters of the raw waste were added and 3 liters of effluent removed 
after sedimentation every 48 hours. Thus, the critical loading rates 
of 9 and 3 liters should not be exceeded every 48 hours.
4. The COD of the treated effluent after sedimentation was 600 
ppm when 9 liters of raw waste with a COD of 6,250 ppm were added every 
48 hours. An increase in loading rate increased the COD of the treated 
effluent. A slight but gradual increase in COD was noted within 1 day 
after the continuous addition of raw waste.
5. The average pH of treated effluent from an aerobic system 
was 8.4. The average pH of the raw waste (stored in a can) added to the 
system waB 4.75.
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6. The average SPC of the aerated system was 54 x 10®/ml.
Significant reductions to approximately 5 x 10®/ml were obtained in
the effluent after sedimentation. The coliform counts continuously 
dropped with time in the aerated systems. Counts as low as 1,000/ml 
were obtained in the treated effluent. The average yeast and mold 
count in the aerated systems was 460,000/ml. After sedimentation, 
counts dropped to as low as 4,000/ml.
7. The average per cent total solids reductions after sedimen­
tation in the aerated system was 78.2 per cent. A slight increase in 
the per cent total solids in the aerated system was observed after 
continuous additions of raw waste. This was attributed to a slight 
buildup in relatively non-biodegradable matter. Volatile solids per­
centages of the treated effluent ranged from 26 to 71 per cent, but 
generally the values were approximately 50 per cent. The per cent ash 
increased in the effluent after sedimentation.
8. The temperature ranged from 20 - 22 C and varied only 0.5 C 
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